This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the appHcant. 

Defects in the images may include (but are not Hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ^LEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Application Serial No. 09/926,742 

Response to Office Action dated January 13, 2004 

REMARKS 

Claims 11-18 and 20 are pending in the present application. 

At the outset, Applicants wish to thank Examiner Teskin for the indication that the 
rejection over Arai et al has been withdrawn (paper number 14, page 2, paragraph 2). 
Reconsideration of the remaining rejection is requested in view of the following remarks and 
the amendment set forth above. 

The rejection of Claims 11-19 under 35 U.S.C. §103(a) over EP 0721954 is 
respectfully traversed. 

EP 0721954 discloses a transition metal compound useful as a catalytic compound for 
olefin polymerization (see Abstract). According to EP 0721954 . this transition compound is 
used in the homopolymerization of an a-olefm and the copolymerization of an a-olefin with 
another a-olefin. However, at no point does EP 0721954 disclose or suggest employing their 
catalytic compound for the copolymerization of an a-olefin and an aromatic vinyl compound 
or the advantages obtained thereby. 

Applicants note that the a-olefin-aromatic vinyl copolymerization in the presence of 
the alkylene/silylene bis-bridged metallocene catalyst or the alkylene/alkylene bis-bridged 
metallocene catalys was not known in the art at the time of the present invention. As the 
Examiner concedes at page 3, last paragraph of paper number 14, aromatic vinyl compounds 
are chemically quite different from a-olefins as the ethylenic double bond is conjugated with 
a phenyl ring in the aromatic vinyl compound whereas the ethylenic double bond is isolated 
in a-olefins such as 1 -octene used in EP 0721954 . 
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Application Serial No. 09/926,742 

Response to Office Action dated January 13, 2004 

In the response filed on October 6, 2003, Applicants noted that the differences in the 
electronic structure would lead to a corresponding difference in copolymerizability of the 
aromatic vinyl compounds as compared to a-olefms. In the last paragraph on page 3 of paper 
number 14, the Examiner disregards this statement by Applicants noting, "there is no 
objective basis in the record for applicants' inference of a "corresponding difference of 
copolymerizability." More importantly, there is no evidentiary basis for inferring a 
difference in reactivity of such magnitude that one of ordinary skill would have had no 
reasonable expectation of copolymerizing an acyclic alpha-olefin with an aromatic vinyl 
compoimd by practicing the preparation method of European." 

In response thereto, Applicants submit herewith the following references: 

1) Zambelli et al Macromol Symp. 89, 373-382 (1995), and 

2) Ishihara, Macromol Symp, 89, 553-562 (1995). 

The Examiner's attention is specifically drawn to Table 1 at page 376 of Zambelli et 
al, which shows the difference of polymerizability of ethylene and styrene. In Table 1 of 
Zambelli et al, a comparison is provided of the activities of the catalyst in the polymerization 
of ethylene and styrene when the polymerization is performed using a new catalyst and an 
aged catalyst. From these data the new catalyst results in a dramatically higher activity in 
ethylene polymerization at 0°C compared to styrene polymerization. This result indicates 
that polymerizability of ethylene and styrene is quite different even when the same catalyst is 
used. 

The Examiner is also directed to Table 2 at page 561 of Ishihara , which shows the 
difference of polymerizability of propylene and styrene. This table shows the relationships 
between the catalyst and stereoregularity of propylene polymer and styrene polymer. This 
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Application Serial No. 09/926,742 

Response to Office Action dated January 13, 2004 

result indicates that the two different stereoregular polymers have been obtained by using the 
same catalyst. 

In view of the foregoing, it is clear that the skilled artisan would appreciate that the 
polymerizability of ethylene and styrene is different. More importantly, the skilled artisan 
would recognize that the differences in the electronic structure would lead to a corresponding 
difference of copolymerizability of the aromatic vinyl compounds as compared to a-olefms. 

Moreover, Applicants note that EP 0721954 merely lists several vinyl compounds 
together with a-olefins and does not actually disclose or suggest that the aromatic vinyl 
compounds act as co-monomer equally to the exemplified a-olefm such as 1-octene. In view 
of the art recognized differences in chemical properties, there can be no reasonable basis for 
the artisan to conclude and/or expect that there would be a reasonable expectation of success 
in view of the disclosure of EP 0721954 > Further, in view of these chemical differences, it 
would not be obvious to the skilled artisan that the catalyst of EP 0721954 used in the olefin- 
olefin copolymerization is equally applicable to the claimed method, i.e., an a-olefin- 
aromatic vinyl copolymerization. 

The Courts have held that "Both the suggestion and the expectation of success must 
be founded in the prior art, not in applicant's disclosure." In re Dow Chemical Co., 5 
USPQ2d 1529, 1531 (CAFC 1988), copy enclosed. In the present case, as is evident firom 
the above, EP 0721954 fails to provide both the suggestion and the expectation of success. 
Therefore, at the time of the present invention there would be no reasonable basis to arrive at 
the present invention absent Applicants ' disclosure. 

Applicants request withdrawal of the rejection over EP 0721954 . 
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Application Serial No. 09/926,742 

Response to Office Action dated January 13, 2004 

In regard to new Claim 20, both Y* and are limited to the alkylene groups and the 
substituent groups based on the description at page 6, penultimate line to page 7, line 5 of the 
originally filed specification. 

It is evident from Examples 1 -3 and 6 and Examples 4-5 and 7 that the 
alkylene/alkylene bis-bridged catalyst exhibits high copolymerization activity as compared to 
the alkylene/silylene bis-bridged catalyst. At page 7, third paragraph of paper number 14, the 
Examiner asserts that Examples 1-3 and 6 and Examples 4-5 and 7 are not side-by-side 
comparative tests. In addition, the Examiner asserts that the catalysts of Examples 4-5 and 7 
contain indenyl ligands substituted at 3-position with n-butyl or trimethylsilyl, whereas the 
catalysts of Examples 1-3 and 6 contain unsubstituted indenyl groups. However, Applicants 
submit that the catalysts with ligands having a bulky substituent group as used in the 
Example 4-5 and 7, would exhibit practically lower copolymerization activity as compared to 
the catalyst not having such bulky ligands, due to steric hindrance. However, the catalysts of 
Examples 4-5 and 7 exhibit unexpectedly high copolymerization activity as compared to the 
catalysts of Examples 1-3 and 6. 

EP 0721954 merely recites the alkylene /alkylene bis-bridged catalysts and the 
alkylene/silylene bis-bridged catalysts and teaches that these catalysts are equivalent. In 
addition, at no point does EP 0721954 disclose or suggest that the alkylene/alkylene bis- 
bridged catalysts exhibit high copolymerization activity as compared to the alkylene/silylene 
bis-bridged catalyst and also fails to actually teach the alkylene/alkylene bis-bridged catalysts 
in its working examples. 

Not only is EP 0721954 silent with respect to the claimed Y* and Y^ groups of Claim 
20, Applicants further submit that the scope of experimental evidence is commensurate with 
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Response to Office Action dated January 13, 2004 

the degree of protection sought by the claim. Therefore, Applicants submit that new Claim 
20 should be allowable over EP 0721954 . 

Applicants submit that the present application is in condition for allowance. Early 
notification to this effect is respectfully requested. 



Respectfully submitted. 
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Headnotes 



PATENTS 



1, Patentability/validity - Obviousness — Evidence of (§ 115.0903) 



Patentability /validity Obviousness Secondary considerations (§ 115.0907) 

Board of Patent Appeals and Interferences erred in rejecting as obvious claims for invention of impact resistant 
rubber-based resin suitable for molding and extrusion containing preferred ingredients styrene, maleic anhydride, 
and synthetic diene rubbers, since none of prior art references cited by patent holder and PTO suggest that any 
process could be used successfully in such three-component system to produce resin having desired properties, and 
since board did not give fair evidentiary weight to expert's skepticism concerning invention, or to five to six years 
necessary to produce invention, in determining obviousness issue. 

Particular Patents Chemical — Rubber Based Resins 

3,919,354, Moore, Lehrer, Lyons and McKeever, impact resistant polymers of a resinous copolymer of an alkenyl 
aromatic monomer and unsaturated dicarboxylic anhydride, holding of obviousness reversed. 
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Case History and Disposition: 

Page 1529 

Appeal from the U.S. Patent and Trademark Office Board of Patent Appeals and 
Interferences. 

Reexamination of Patent No. 3,919,354, held by The Dow Chemical Company. From 
decisions rejecting all claims of patent as obvious, patent holder appeals. Reversed. 

Attorneys: 

Douglas N. Deline, Midland, Mich. (Berndt W. Sandt with him on the brief) for appellant. 

John H. Raubitschek, associate solicitor, Arlington, Va. (Joseph F. Nakamura, solicitor, 
and Fred E. McKelvey, deputy solicitor, with him on the brief) for appellee. 



Judge: 

Before Smith, Nies, and Newman, Circuit Judges. 

Opinion Text 

Opinion By: 

Newman, Circuit Judge. 

Dow Chemical Company appeals the decisions of the United States Patent and Trademark Office Board of Patent 
Appeals and Interferences, No. 86-3426 (Feb, 25, 1987) and No. 662-81 (Mar. 25, 1986), together rejecting all the 
claims on reexamination of United States Patent No. 3,919,354 entitled "Impact Resistant Polymers of a Resinous 
Copolymer of an Alkenyl Aromatic Monomer and an Unsaturated Dicarboxylic Anhydride.". We reverse. 

The Rejection 

The invention is an impact resistant rubber-based resin having improved resistance to heat distortion. Claim 28, the 
broadest claim on appeal, is illustrative: 

28. A polymer suitable for molding and extrusion, of substantially improved resistance to mechanical shock and 
impact, the polymer consisting essentially of the polymerization product of 

a. a monovinyl alkenyl aromatic monomer containing up to 12 carbon atoms and having the alkenyl group attached 
directly to the benzene nucleus, the al 

Page 1530 

kenyl aromatic compound being present in a proportion of from about 65 to 95 parts by weight and from 35 to 5 parts 
by weight of an unsaturated dicarboxylic acid anhyride readily copolymerizable therewith, and 
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b. from 5 to 35 parts by weight of a diene rubber per 100 parts of (a) plus (b), the rubber consisting essentially of 65 
to 100 weight percent butadiene, or isoprene and up to 35 weight percent of an alkenyl aromatic hydrocarbon as the 
sole other monomer in the rubber, the rubber having a glass temperature not higher than 0° C, the rubber being in the 
form of a plurality of particles having diameters within the range of 0.02 to 30 microns dispersed throughout a matrix 
of polymer of alkenyl aromatic monomer and the anhydride, at least a major portion of the rubber particles 
containing distinct occlusions of the polymer of (a), with the further limitation that 
the polymer of (a) is a nonequimolar random copolymer. 

The preferred ingredients are styrene, maleic anhydride, and synthetic diene rubbers, and our discussion will be in 
these terms, as was the Board's. 

The Board's decision that the claimed invention would have been obvious in terms of 35 U.S.C. §103 was based on 
the combination of two references: a 1966 article by Molau and Keskkula entitled "Heterogeneous Polymer Systems 
IV. Mechanism of Rubber Particle Formation in Rubber-Modified Vinyl Polymers", and Baer U.S. Patent No. 
2,971,939. Also discussed were Farmer U.S. Patent No. 2,275,951 and a publication by Bacon and Farmer entitled 
"The Interaction of Maleic Anhydride with Rubber", although the Board stated that the rejection was sustainable 
without relying on either of these references. 

The Prior Art 

The Molau/Keskkula article shows the preparation of a resin having high impact strength by dissolving synthetic 
diene rubber in styrene and polymerizing the styrene. This reference teaches that phase inversion is necessary to the 
formation of these moldable, extrudable resins. Baer prepares nonequimolar random maleic anhydride-styrene 
copolymers by a technique whose salient feature is adding the maleic anhydride slowly to polymerizing styrene 
under controlled conditions. 

Farmer shows the reaction among natural rubber, styrene, and maleic anhydride, and also states that maleic 
anhydride reacts directly with the rubber. The Bacon and Farmer article also shows the reaction of maleic anhydride 
with natural rubber. These products, according to Dow*s evidence and as found by the Board, do not have a 
dispersed rubber phase containing occlusions, and are not moldable. 

Dow argues that the Board has engaged in hindsight reconstruction of the claimed invention. To support its position 
Dow refers to several scientific publications and other references, in addition to those cited by the PTO, and evidence 
submitted by declaration and deposition. 

The first group of references to which Dow refers shows the reaction of maleic anhydride with natural or synthetic 
rubbers. These references show both intermolecular and intramolecular reactions between maleic anhydride and the 
various rubbers, but not a grafted rubber, which is said by Dow to characterize its product. Additional references are 
cited by Dow to show that maleic anhydride is much more reactive with diene-type synthetic rubbers than with 
natural rubber, and that the reaction with the synthetic rubbers is difficult to control and the product is unpredictable. 
Another reference cited by Dow, the Encyclopedia of Science and Technology , states the general rule, derived from 
experience with acrylonitrile, that copolymers with synthetic diene rubbers have elevated glass transition 
temperatures; Dow advises that this is a highly undesirable property for a high-impact strength resin. 
Another series of references cited by Dow shows several known techniques of reacting styrene and maleic anhydride 
to prepare nonequimolar copolymers, all different from the technique shown in the Baer patent. 

Analysis 

The Board held that the claimed product results from the application of the Baer technique to a styrene-maleic 
anhydride polymer system which includes synthetic diene rubber, and that it would have been obvious to do that 
which these inventors did if one wanted to increase the heat stability of a known high impact styrene rubber resin. 
The crux of Dow's argument is that no reference shows or suggests that these references should or could be combined 
successfully. Indeed, the Board agreed, stating that "[i]t is not apparent from the evidence whether rubber and maleic 
anhydride would have been expected to react in the process suggested by the combined disclosure of Molau and 
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Baer . . . /' (Emphasis in original). 

Page 1531 

Dow also points out, referring to the Keskkula evidence, that it was believed that these products could not be made 
by the mass polymerization techniques of the prior art. Dow asserts that no reference, including Baer, suggested that 
the Baer technique could produce the requisite phase inversion in a system containing diene rubber, and could 
produce a diene-rubber containing resin that could be molded and had the other desired high-impact and thermal 
properties. 

Dow refers to the Farmer patent, cited by the examiner and the Board, which shows that the reaction of styrene, 
maleic anhydride, and natural rubber forms a product that is unsuitable as a molding resin. Dow argues that Farmer 
leads away from the Dow invention, in that Farmer obtains precisely the "runaway" reaction, and undesirable 
product, that Keskkula believed was characteristic of reactions involving styrene, maleic anhydride, and rubbers. 
Dow points to Dr. Keskkula's Report to Dow management, written in 1 966 at about the time the present invention 
was made, pointing out the many problems in attempting to produce the three-component product that these 
inventors later succeeded in producing. 

In response, the Commissioner argues that even though an expert polymer scientist. Dr. Keskkula, "personally may 
have been surprised by the invention at the time it was made, it does not necessarily follow that the invention would 
have been unobvious to one of ordinary skill in the art." The Commissioner suggests that one less encumbered by 
knowledge of the need for phase inversion, as described in the Molau/Keskkula article, might have achieved the Dow 
product by combining the references in the way suggested by the Commissioner. Reflecting on this theory of 
invention, we observe that such a person did not do so, despite the decades of experimentation with these 
components, and the recognition of need, as evidenced by the many references cited by both sides. See In re Geiger , 
815 F.2d686, 688, 2 USPQ2d 1276, 1278 (Fed. Cir. 1987); ACS Hospital Systems, Inc. v, Montefiore Hospital, 732 
F.2d 1572, 1577, 221 USPQ 929, 933 (Fed. Cir. 1984). 

The Board held that Dow*s statement in the patent specification that it was known that styrene/maleic anhydride 
copolymers had improved heat resistance as compared with styrene rubbers, made it prima facie obvious to combine 
these three components. Indeed, the record shows that such combinations had previously been made, in various 
ways, but without producing the product here desired. That there were other attempts, and various combinations and 
procedures tried in the past, does not render obvious the later successful one. The PTO's reliance on Dow's 
"admission" of longfelt need as prima facie evidence of obviousness is contrary to logic as well as law. Recognition 
of need, and difficulties encountered by those skilled in the field, are classical indicia of unobviousness. Graham v. 
John Deere Co 383 U.S. 1,17, 148 USPQ 459, 467 (1966); Custom Accessories v. Jeffrey-Allan Industries , 807 
F.2d 955, 960, 1 USPQ2d 1 196, 1 199 (Fed. Cir. 1986). Further, a patent applicant's statement of the purpose of the 
work is not prior art. 

The Board thus concluded that although one would not know in advance whether the Baer technique would work at 
all in the presence of diene rubber, or produce a moldable high-impact product, if it did succeed it would have been 
obvious. The Board criticized Keskkula's evidence for not stating whether, after these inventors proposed the 
procedure here at issue, Keskkula would have expected the maleic anhydride to react preferentially with the diene 
rubber or with the styrene and to what effect on the impact properties of the product. The PTO argues that unless the 
prior art is shown to have led one of ordinary skill to expect the Baer technique to fail, the applicant's burden is not 
met. This is not the criterion. That these inventors eventually succeeded when they and others had failed does not 
mean that they or their colleagues must have expected each new idea to fail. Most technological advance is the fruit 
of methodical, persistent investigation, as is recognized in 35 U.S.C. §103 ("Patentability shall not be negatived by 
the manner in which the invention was made"). 

The consistent criterion for determination of obviousness is whether the prior art would have suggested to one of 
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ordinary skill in the art that this process should be carried out and would have a reasonable likelihood of success, 
viewed in the Ught of the prior art. See Burlington Industries v. Quigg , 822 F.2d 1581, 1583, 3 USPQ2d 1436, 1438 
(Fed. Cir. 1987); InreHedges, 783 F.2d 1038, 1041, 228 USPQ 685, 687 (Fed. Cir. 1987); Orthopedic Equipment 
Co. V. United States , 702 F.2d 1005, 1013, 217 USPQ 193, 200 (Fed. Cir. 1983); In re Rinehart , 531 F.2d 1048, 
1053-54, 189 USPQ 143, 148 (CCPA 1976). Both the suggestion and the expectation of success must be founded in 
the prior art, not in the applicant's disclosure. 

In determining whether such a suggestion can fairly be gleaned from the prior art, the full field of the invention must 
be considered; for the person of ordinary skill is charged 

Page 1532 

with knowledge of the entire body of technological literature, including that which might lead away from the claimed 
invention. The Commissioner argues that since the PTO is no longer relying on Farmer or the Bacon and Farmer 
article, the applicant is creating a "straw man". It is indeed pertinent that these references teach against the present 
invention. Evidence that supports, rather than negates, patentability must be fairly considered. 
[1] The PTO presents, in essence, an "obvious to experiment" standard for obviousness. However, selective 
hindsight is no more applicable to the design of experiments than it is to the combination of prior art teachings. 
There must be a reason or suggestion in the art for selecting the procedure used, other than the knowledge learned 
from the applicant's disclosure. Interconnect Planning Corporation v. Feil , 774 F.2d 1 132, 1 143, 227 USPQ 543, 
551 (Fed. Cir. 1985). Of the many scientific publications cited by both Dow and the PTO, none suggests that any 
process could be used successfully in this three-component system, to produce this product having the desired 
properties. The skepticism of an expert, expressed before these inventors proved him wrong, is entitled to fair 
evidentiary weight, see In re Piasecki , 745 F.2d 1468, 1475, 223 USPQ 785, 790 (Fed. Cir. 1984); In re Zeidler , 
682 F.2d 961, 966, 215 USPQ 490, 494 (CCPA 1982), as are the five to six years of research that preceded the 
claimed invention. The evidence as a whole does not support the PTO*s conclusion that the claimed invention would 
have been obvious in terms of 35 U.S.C. §103. 

REVERSED 



- End of Case - 
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MECHANISM OF SYNDXOTACncsPEClHC POLYMERIZATION OF 



Adojfb Zoinbcili*, Oaudio Pclkcchia An4 Antomo Proco 

I>q>anixDeiUD <fi Hgica. University 4i S&lemo, 1-84081 Ban^oissi (SA). Italy 



A bgtran: Pemfial of l»tcnture <Sata and somq new results ooacwuiog syiidiotaccic. 
specific polymedzation of sQtcne sn^gcsi umtctioa atecfaanisin aoconfldGg fw die 
sicric coniToL Key fcACortfi of the pKOpo^ed mechaQim are ^tereorigid tj» 
ooorcfinatioii of tfac growing chain end and diasttseosdiccUve coonliaa6crR of ttie 
monomer insposed by direci intcractioox with the anciaary ligaad of (he meial 
cooiplcx. a pscudotetrahedral chiral TiCDI) or Zr<nX> c:itioft. whicli tnvens iis 
configontiQa aiier every syndiospecific inscvtioD step. 

INTRODUCTION 

1ft 1986 Iffhlhm discovcfed tJot > vari^y of hydrocarbon soluble tiuniuxn compoundfi, in the 
prese&oe of mediyUdunslftoxafte (MaO), piomoce syndiocactic specific polynocrizadon of uyioic 
and substiiQCo^ styfenctf (Rcf . 1). 

Ver? active catalysu are obtained by using as caialyst piccujsois half-titanooenes (Rcf. t). Ike 
CpTiXs OT CpTiXi. (Cp = cyctopenbdicnyi X« halid« or hydrocarbyl) while cxtanocenes 
(QjzTiXz or CjpzTtX) affcri very poorly active catalysts. (Refb, 2, 5) 

Sycdiocactic spcdfic polymerizaiion of stytwie can be also promoted by using, in piopcr 
condipom, zir conium instead of tiianiutn cotopounds bat the activity and the siorooregulariiy of 
the resuldfte polystyrenes are lower (Refs, 4-6). Oa this subject, it H wordi noting ihai half- 
zirconocencs, such as CpZiCla and Cp2rB«3 (Bx = bcnzyi). m piBcd<»lly ineffecdvc in the 
usual reaction conditions (Ref. 6, 7 > « 

In diis paper, on Ihe basis of a cridcal review of soma oxpcruncnlal data coacexmne this 
polyiDcrization. we pioposc a reacdon mcchanisin acooundng for the *tCfic Cootrol, at least in 
tjkC presence of catalyses based on half-d^o^ggs. 



This paper is dedicated to the uKowzy of ProCesssr Mario Farina. 
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RESULTS AND DISCUSSION 
i) Regiaspeafic insertion 

l^C NMR aiuJysis of syndioociic po\y$tytKne, obtained in (be presence of Ti(CH2Pb)4 ~ MaO 
af 50 showed the end groups »*CRPhCH3 aad PhCH^CH- is e^ual amounts (R«f. 8), 
Wlua the pol)nocienzation was pertonied ty adding Al(^5CHaCH3)3 to ihc same caisUyde 
system, -CHPhCHal^CHjCHa ctid gnyups were al&o detected (R&L 9), No evidence of 
ittgfoioegiilatly united monomer units is found by NMR asalysis (Rcf. 8). 
The polymer cbAtfu c&n ih^B suit both ^irom Ti-H and Tt'^^CHjQls boods and the Inscfpon of 
the m onomer is always tflcondary: 

TJ-H t CHz^CHPb ► Ti^HPhCHj 

Ti-i^CHaCHa + CHicCHPh Ti-COFhCkiz^^CazjCR^ 

The uontmccd end gioups obviously arise from P-hydrogcn absoocdotu 

Ti-CHPhCH2CHPhCH2- Ti-H ^ W»=CHCHPhCH2 

or possibly tern chain amsfct with dte monomer. 

Another chain iransier piocm can involve ahisiinum iJkyls. e. g. AlCCH))^^ according to the 
ficlteme: 

Ti-CHPhCH2 " + Al(CH3>3 Tt-CH3 + Al(CH3)2(CHPhai2«) 

Analogous jesialis are obtained m the presence of qpTtOj 'MAO. 

It U wonh xncnoonins that $ceoo6axy m&cnioa of die OA^nooncr was previously observed for 
syndiotacdc-spccific poJymcrization of propcnc in the presence of vcU-AlR2a (Rcf. 10). 
However secondaiy insenion of propene only results from mo Intge non-bonded inceiactions 
occonins in case of primary isiScxiMm of the incoming monomer, with the polymer cbnin already 
bonded to V ihiuugh a secondaiy carlwa (Refs. 10-12). On the contrary, insertion of the 
incoming mtmotx^ on either V.C%*** or V-CHi bonds, occurring during copolymehsation 
widj C2H4 and in the initiation step when osing At(CH3)2a or AXiQ^JHshCi or Al(iCiH9)^a 
as ofgaflonaetamc cecatalyst, is hrgdy primary ( Rgf 12. 13). 

In contrast^ as previously QnentiOACd, secondaiy insenion of siyrene is always eavoured. even 
on Ti-H bonds, and is related to the stronger tl^ bond of the growiag chain end with the 
D:ansatiQn metal, which can rcsuU only if the monoiGser is insened in a secoodaxy mode. 
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2) AddUioH (oUte double bond 



*H NMR arulyris of ^olymm of pcrdcatcriostyrenc with Z- l-rf|-Sfywic, obtained io tJtjc 
presence of Ti(CH2Pt04-MAO, allowed us to invcib^atc ihc mcchanisra of the ^^Mioon ro the 
d«iblc bond (Rcf. H>. addidaa was esiabluhca &om the valw of ihc coupling coiwcant 
botvi^ocfl Che Vicioal ptotoos of tbe copolymer. foUowing the wmc cnccbod pieWou^ly reported 
for syndiooctk potypiopylenc (Rcf. 1 5). 



SiafisUcai m^dcl cfthe sutrcespecific pnrpogai 



\tion 



i^C NMR analysis of syadiocacdc polyjcyrene obcaiAed in the prefiencc of &(CH2Ph)<.MA0 
shown d»t the statistical 5e«{uciice of Oie sicreochemica coafigurations of the tertiary carbon j U 
first oxtier MukovUn (i.e. the scatistic&l sequence of the syodioiactic (r> end <he isooustic (m) 
dyads is BcmoUian) (Rcf*. 4. 16). SiirvJar Mula ore ohogbned by usi^e a cacalyst CpTAQj- 
MAO (Ref. 17). PolyBcyrcnes prepared ia the picscoce of CpTiClj-MAO (Cp*= 
pcncain«hyloycJopcnudici>yO are ahoosc pcrfecUy weraoicgular (ReC 17). 
An acceoips to evaluate the driving foicc of the srereospccific inscnion was made by jdoning U 
Pr/ l-Py versus l/T (where Pr is the probabUicy of syodiotacoc placemeni5. and T = 
polymerizadon tempeiBmre) for polyincrs preprnd at diffecenl tewpcranires in che piesence of 
2i<C:H2Pb)4-MAO (Rcf. 16). A low Arrhcoio* coefQcicot A (A = RT la Ff / (l-P,) ^ 1.5 
J^cal/moO was frund. although the polymers were very stcxcoregular (P, ranges between 0.94 
and Mi ^hilc the temperacosr is raised fc^ra 40 up to 120 **Q: 

4^ Catianic acdve species 

Reaction of titanium hydrocarbyls such as Cp*TiR3 (R - hydrocarbyl) with cUher B{C^sh 
(Ref. 7) or (NHRsl*[B(C6F5)4]- (Ref. IB), according to the scheooe; 

Q>*TiR3 + B(C6F5>3 £Cp*TiRd^CB(C6Fs)3RJ- 

Q.niR3 ^ (NHRirrB(C^5)4l- ICp*riR2r[B(CsF^)4]-^NR3 + RH 

ptovMlcs cffidcat catalysts pcotnodng syndiotaoic specific polymerization of styttnc (Refs. 7, 
18), However, NMR and ESR monitoring of thc«c reactions showed thu the inliioUy fomvsd 
TiCIV) cadooic cwnplcTO stepwise decompose, possibly Icaditig to reduced 11 species (Ref. 
17), As a consequence U ts not immediately apparent whether the active species arc the ju« 
mcndoned TS(rV9 comploccs ore some dccompoaitioa produce, possibly a TiUm complex 
Chica (Ref. 19) provided evidence thac the oxidauou state of Ti of Ae active species +3, at 
Wt when the catalysi prtcuxw is a half-aanocene. We have lecoiily obtained datt supponine 
this finding (Rcf. 17). 
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efttyleoc and siyrenc.^ ^ ^ TSaa-MAO in the poJymcriaitioo cf 



Styrcae ^ ' ' 



ctbykoc ° 291 

0 

J) 



e!hyleae 20 ^ 



'*<'<y^rtaflie?n conditions- clrJ^in% TTTT^ ~ 

ot.«<Rcr^ 24-26). ^^•^'~«'»«««»»«»l~-PolyB.prize<l,o«ch 
^ ««>Wintaw!tiiiginS9nnati«,iK 

Bcjwae luid 1.5-bmadi«,c (Rrf* lo^, P«t«cul«rly b.gh. both ,o vompatiioa mOx 
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Aceordiag » (he liienituie. the a»ny resula bneflji symnarianj above scem (o show (hat iDe 
rf»ciw>pKUc auadc of ibe aianomer by a Mctophik Is latc detemiuang ifae iocorporaiiOB. and 
that the Inserion of «c coordiiuiiBd fnoiwmer 

iMt WW of the gKTwing chaU end (Ref. 2$). The whole picnae is io good agreen«at i»ith tbe 
bypothesis that ifae active aie oTgwoaetaUk Mlioui.. the ve^r ones mendonal in 

4 for the polyo^atioa of oJeflns. and, woti likely, the MOH) vudogues lesulting from 
teduenvedeoMspoBtiea for *e jKdymsriaiion gf jtynme and conjugated diokBns. 
According lo Poni and cowodcen (Ref. 23). l^-syndioiacifc polyaiedzwion of Z-i.3- 
pcntadieae suge^us w ^2 et^xdiiwian of d,e incowiag momroer ,o ibe transition metal, 
followed by fast 2,1 foecondaiy) syndiooetjo-jpeciTw intetiion. At bigha ianpemo.es, bst 
^ * ^ isomerizadoo of die eootdihued Z-l^pcneuSene cotfld occur and, subtc(|uently, 
ci»-l,4 insenion. with low nitE. would result Reawiubly, n" coordination could be hardly 
powibJe for bod» >ffletbyM,3.penLKBene and 8V«ne. and consequently tj* cooidinanon 
woold be always involved m syndiottctsc polymerizadoa of both ibese nononcn. 

6i Activity cfdfferent caulyfo 

As mentioned in the introdoedon. the aonvity pf the different candystn in promoting 
polytnoijaiido of styrenc is sinx^y dq>aid6itt on Ac Bansh^ 

In d>c piesence of MAO the acdviy of (be ittauu».bas.:d e«talysiB decreases while ehaneioe 
prectusor in the foUowing order (Refs. 1-6): 

CpTiXs - Q>TiX2 > •K(tai2Ph)4 - Ti(PCM9)A > tliacac), •> CfeTOCi 

{aeat:= 2,4-pe«iianedionasB). 

According to CWcn. (Ref. 27) caialyw prepartd from half-iit^noccnci are e«peciaUy active due 
to both a larger acaoiiot of active species and » a higher propRgadon »« consont Zr catiyjts 
we usuany less active, and. in particular, it is noteworthy that half-ziieonoccncs »e very Utde 
active (Reft. 6. 7). 

Obtaining dSOetent eonccntnnions of active spedzs whu> diowing to react MAO with different 
prccufsoxB is iifit surpcising at oil 

•n»e <£fieient propasation nie coiututs ooald be esgjlaincd. e. g, by considcrib^g the possibility 
of differeni anciUary ligands on the acdve rpocloa rfSacd«g d,o el^coophilieity ml possibly (he 



intlRiai« ion pair 



evnliboun. if one assumes d>at tbe &,« eadon may efficiendy prooMtc thepropagadoa 
The hrgh acUvity of the CproCj-MAO caely,ts. as opposed to the oegliglMe acdviy of the 
CpZtX3-MAO ones, might be due, at least in part, to die higher subUiiy of ZrOV) in 
cogopartson with Ti(IV) (Ref. 28). 
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^^^^SJjJ-antQnf are hot in 
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None of chc «bovc complexes appicciafaly procnotfis syndiocscdc*speciiic palyicenzation of 
siyreae in the usual reaction coadstions, &nd single iiupecdon of Bg. 1 sog^ts chat this 
be due to stenc ovenaowdiiig making Uifi coordinaooo of oyrene hardly possible. 

Stereochetrdcai reacdan mechnnsm 

At tbe pres^e. in view of the cacpcriniental fMbl^ TOira^ in (he prevunis sections^ our belief 
cottecrpAOf tbe reaction mechinUiD, &( Icon in the presence of caialy tic systems based on balf- 
metaSlnceaes, t$ tbM tbe active species arc gmip 4 xnctal cstioos with ooddatioo si&ce -^3. 
R femoving the benzyl ftom the chinil ZrOV) complex (qp^Zi^ti'-CHiPWCH^- 
CHiPb}]^ (&^ Fig. Ic ) {Ref. 32), coordination of styxene f^ecomes possible to g;ive dye 
diasteteomeric intetmediate n-elcctron Zf<n) cadoo rCii*^i^'-CH2Pb)(Ti^CH2=CHPb)^ 
le Fig 2A. is leporced d\e possihle molecular scntenire of ftecti ^ cadoo wich an a sut>sticuced 
t^en^I resembling the g ro win g polymer ctiaiiv 




A B 

Figure 2, Molecular models of (he dlastereameric intermediate cations /Cp*Zr(7)^- 
CMJRFh)(ff^*CH2=CJHlFh)J'*', The above models hasfe been obtoiwui from the crystal structure 
0f(Cp''Zr(if'CH2p'h}{rf^HzFH)r (see Fig. Ich by replacing the i^ CHzFh Hgand vwfA an 
ri^'CH2'=^CHPh Hgand arranged in a eonformaxion suitable for cis ligand migration and 
secondary lAsenion (i e. wi/h the doable bondparotlel to the Zr-CHR bond and the mthylm 
facing ihe methithe ef the last unit of the chain). The Zr-C distances for the styrcne ligand 
have been fixed at 2.6 A» a value similar to those observed in ZrifV) arene n complexes. The 
other parameters are those obtained from X-ray anaiysit ofc (Rtf. $2): Zr^Cp*(ccntnfi4) - 2^2 
A; Zr^h(asntrvid) = 2J2 A; Zr^HR = 2,65 A: Cp%centroid) ' 2r * Fh^crmrvid) = 

it is wmb observing that coordination of the minor related styrene enantioface to give the 
diasCo^oisomer of Fig. 2B b hardly possible, due K> the exceedingly high iotcrnctaons with 
Qp', oocuxiing when the octtifoooaiion is (hat requited by cis Ugand naigaration and acoondory 
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in«erton.Consid«a,ie non-bonded uit6ncdo«.«,„.w • 

instead of Ci,- ^'""•'*'^""'»«'««rifthe8„ciaa^,lsafldw.,e 

'^^Wiw', by cif addition, of co«rtiflafM «^ 

txait, thus 





f^'^'^t^S 10 a»e view, incon>o«ti«n «p * 

«^«o» cf^^ ^^ U^^T^'^ '"'''''^^ -eiovcJ:^ 
explanation Of tt«.atiaic^^„f^^^;^»'*«' pn>vidJ„e , 40,,^ 

>*««WitofAe8row£„g«W„^ ^•'''^'"•^''»'*«««^'S«««»onafldcanfoai«ido«of J 
P-nr«« even wiaK>„. LToHT^^n^ 'T^'T '^^^"^^^^-^ «»«ian »e.al 

Any bnu, e«n.^ ^ S «X vr*"*"'" "^^ ' ^ 

*e smwing cl,.i„ ^ noXj^^'^^*!,'^ *e fe« nni. of 
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^de^ourcw Cbtba Japan 

ABSTRACT 

SyndlocacUc poi/5t;rrene (SPS) io o new crystalline engineering thennopiAftUc. 
With « meiting pobit of 270 'C and ics cty^talline nature. SPS has high heat 
resistance, excellent chemlc«l r^oia CanCe and water^steam resistance- Since SPS 
ha^ excellenc dielectric propcrtios, %i ia useful as a capacitor insulation material. 
The rate of cryataUizaCion is ^^ry faat *n comparison Mrich Isotactic poly»t>Twnc 
(IPS), thU4. SpS <:ao be u«ed in « nutn^r of formiog operations, including iniection 
molding, extru^sion and ch«rmoforailag. 

A aysZM composed of a homogeaeaua titonlum compound and m^thylolunnJaoxaae 
(MAO) l3 an effecuve catalyse for syndic ap^el/Jc pAlymcrUpcion of oCrrRnv.* On 
tKe other hand becerogaaaous tJunliim compound? coAtaiomg halogen make a 
mixture of isotactlc 4ad ayrdle^acUc compooent^. The amount of syncKatocclc 
polystyrene obtained ia dependent on the mo I a ratio of Al to Ti. Th« result aV 
ESR raeasuremcni suggests the Ti^^ spedca ^rc Important op a hiffhJy oct*v9 sit« 
for producing syndiotactic polystyrene- 

A comparison of tKe otereore^ularitles of polypropylene »nd polystyrene forn*ed 
by varlDMs metaUocenc catalysts is studied. The (C(^H6)2C{*is'C5H4MTl5-C9H^)TiCi2 / 
MAO system gives a honiogcndoua catalyst for the poiyrocrUotion of propylene 
glviDg iaotaeUc rich polypropylene and of otyrene to give ay ndiocactic poir^tyr^nc. 

INTRODUCTION 

The control of stereoreguUrity is practicoily Jmportant both In the development 
of new polymers or tailor-made polymers and in the control of potymer pr^ertlcs. 
For polys tyrecie, three kinds of order cao be assumed aecordinfi to the orientation 
of t-ha phooyl'ring rcl^ti^r^ to the polymer chain backbone n« shown In Table 1^ 
atactic. UatacOc and syndiotactic. Since the discovery of Ziegler-Natta catalysis. 
extenaWc research concerning the dterco specific polytneritauon of olefins has been 
caiYled out, la most cases. Is-otscclC polymers aro obtained and ayndiotacUc 
polymers arc rare. However, wc hfl^,v< succeeded io ayntheaizing highly syndlotactic 
polys^rcnc la 1985.^'^^ 
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RESULTS AND DISCUSSION 



Thi» po^ya«r u cco)««c«aijy viable, however because ofZ iZT^ ? . 
poasibic, enabled XDEMrr^rr . 1 „ *y«h«is of new polywrt 
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itt high load beat duwnioa t«, 

aucrowave devices. «^fwe expected to iind M,idcs«*.H . 

oeviecs. Rirthettnore, the sneci*;, » ■ *^sp»««l application in 

eiecoonic applicatioas. 

Q > HTypiTTrrpi ^=!r ntnjt 

A$ the eataJyjt for iyndioticric ^1 
^<^y«i la recent PUbW^ .rrer*" *^ Jl^b^^^ 

Ti, Fi? fi "'•^PO'ystywoe uicTeascs with • " 

ace. Npp^alt between ,he«t*„^, 



558 





5S9 



O TitnsoJuilan 
• Tl on solid 



8 




50 100 



Pig. 7 Effect of Al / Ti molar ratio on Ti concentration 
in the solution and on the solid 



Tab. 1 Polymerization of styrena using various Ti corupounds with MAO 
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Conversion SterecsDdClFIdty 


mmcl 










TiCl3(AA) 


1,0 


100 


6.2 


Synd.PS 




0.2 


1000 


2.0 


1SO.PS+ Synd,PS 




1,0 


20 


V9 


lso.P3 ^ Synd.PS 




0.2 




0^ 


tso.PS 4- Synd.PS 




2.0 


so 


2.d 


t30.PS(Qd)4. Synd.PS(16} 




0.2 


soo 




lso.PS(1 2)+ Synd.PS(8a) 




0.2 


1000 




Iso.PS{iO)+ Synd.PS(90> 


TiCI, 


dO 


1 0 


y.z 


ISO, PS 




S 


40 




ISO. PS + Synd.PS 




0.2 


500 


0.7 


Synd.PS 


Y|<OEt)4 


2 


1 0 


0.3 


( Atactic PS) 




2 




a.5 


Synd.PS 




0.2 


500 


0.9 


Synd.PS 



a) |styrene].0.43 mol, toluene-lOO mi, 50 °C. 2hr 
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,hc absence of APS. Th=rc woula .,e .wo .ypes of poly«^ f«„ .^o 

U« ^Ud ph.se. The «,>id p^ase w« w3.h«, wi* a-hep.«c. Sty«ne w« 

u.u.g boA .he solution p«n a«d *e ,ol5d pan. Iso«ctie polyscyxcre obai.=d 1»« 

*c,oMpanan.IsyndiotacricpoIys.n=«ewa, Obtained from thesolutiw These 
u^duutc the. a pan of T. o« the caxxier wa. augured in «oludo« on Jcoon 

of r. that eo^ a»io solatioii depends on the anouM of MAO 
Ifc^gencoa, ea.^,« * h^^^ ^j,^ j^^^,^ 

^ ^.cTt:' ^' ^'^ to^og^caZ 

wir&ooi halogen doas not ^yc isooctic polymer 

»ve,'^rr^''' °f "l".ion were 

8o« into soluoon depend, on the mote tatio oX Al to Ti 

The cl^fcc.ofa«K,la, ratio Of MAO cor»oad« activity iotf«c«c^,q,r.Cl3«d 
MAO ca«jy« ,ys,e™ was inv.,tig«cd. The activity inches with i„c.ca.ix,g of the 
n«lax raao of MAO to Tl. Tho of Ti 3* q,^,, ,y ^SR 

«tn. ftom T>4- ,o T; 3> ^^^t be a .cdve spedes for ,y«d,«J, of MAO 

ra^rivr^r^S'- '^'^^ MAO U needed « 

activity. The add,t.o„ of trii,obu.ylaIumi«u« u> CpTlQj / MAO cafly^TJ^ 

^2««Js«t-i A* a .^mc i, waa found that the addition of TIBA inoca^. d,c activity 
However, e«e« addiaon of TIBAdec.«,ed the aetivicy. ^ 
^e iteeoche«i«or of serene Insertion into tbe c»bon-„»,al bo^i of.be caaOy^ 
^^"^^'T i-«o„c«, inprinciplcproceedin^a 

tbc doubia.bc«i opc^og mcchani,^ in polytnetizadoa was ds opeaine 

(3) A»».w.ingt>pif^ffy|^ rnfillTiir 

T^st^?*! '^^ T »PPli«l « polytoeri=.doo of «y««c 

These a«r,oce«, produced both a.actic polypropylene and syndiotactic poIy«i„e 
polystyrene. „o„cver. tbts otanocenc could p^duec marvCo.sly „o,h the 
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Tabid 2 Relationships between Ihe catalysis and the slereof^gularities 
Of the polypropylene and polystyrene products 



Catalysts 



Slereoregurarity 




PS 



Syndiotactic 



(rrrrj = 1 .0 



Syndiotactic 



Syndiotactic 



ffrrrj. 1,0 

Atactic 
Atactic 

Atactic 
Atactic 



[m) = o.9e 
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The economic nrpJUcations of ruc 
expected «, W.,e ..e c^^^T^^ ' ^ "^'"^"^ thc™cpl».U«. 
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